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Electrophoresis and isoelectric focusing of whole cell and membrane

proteins from the extremely halophilic archaebacteria

Helga Stan-Lotter, Frank J. Lang, Jr. & Lawrence I Hochstein P

NASA Ames Rescarch Center, Moffett Field, California 94035, (S A

The isoelectric points of most proteins from the extremely
halophilic archaebacteria are between 4.0 and 4.65 which
agrees with the gencrally high content of glutamic and
aspartic acid in proteins from halobacteria. The subunits
from two purified halobacterial membrane enzymes
(ATPase and nitrate reductase) behaved differently with
respect to isoelectric focusing, silver staining and interac-
tion with ampholytes. Differential behavior was also
observed in whole cell proteins from Halobacterium sac-
charovorum regarding resolution in two-dimensional gels
and silver staining. We propose that these differences reflect
the existence of two classes of halobacterial proteins, one
resembling non-halophilic proteins, and the other possessing
unique properties that may be related to salt dependence.

Keywords: Halobacteria. archacbacteria; acidic proteins:
1isoelectric focusing: silver stain: detergents; adenosine
triphosphatase: nitrate reductase.

Introduction

Extremely halophilic bacteria require from 2 to 4 M NaCl
for growth and many grow in medium that is saturated
with respect to NuCl (Kushner 1978). In addition, they
contain a high intracellular salt concentration. with
K' > Na’ (Bayley & Morton 1978) which is reflected by
the presence of protemns that are stabilized by relatively
high concentrations of monovalent cations (Lanyi 1974).
One consequence of this dependence for high concentra-
tions of monovalent cations is that relatively few
halobacterial protems have been purified since many
methods ot protein puntication are performed at low
iomic strength. The protemns which have been purified (for
recent reviews see bisenberg & Wachtel 1987; Russell
1989) generally require high concentrations of salt for
stability  and  biological activity.  However, a  few
halobacterial proteins are known to be stable. at least to
some extent. in the absence of high onice strength (May &
Dennis 1987; Russell 1989).

At present. there s incomplete understanding of the
interactions between proteins and a high salt environment
(Eisenberg & Wachtel 1987) 1t has been known for some
time that the halophihic protems have an excess of acidic
over basic amimo acids and a deticiency of hydrophobic
amino acds (Restad 19700 Lanyr 1974). With some
protein sequences now available, amino acid substitu-
tions between halophihe and therr nonhalophilic counter-
parts can be evaluated on a quanttative basis (Kimura &
Kimura 1987 Kimura o af. 1989 May er al.. 1989)
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However. a general explanation of how the amino acid
composition affords the unusual tolerance of or even
dependence on high onic strength of halophitic proteins
cannot yet be given.

Polyacrylamide gel electrophoresis and 1soelectrie
focusing are powerful tools for analyzing proteins at the
molecular level. These methods have not been widely
applied to halobacterial proteins. There are scveral
technical problems. Electrophoretic procedures are not
compatible with the presence of high concentrations of
salt. About 0.1 M salt or even less interferes with separa-
tion in polyacrylamide gel electrophoresis (Maurer 1971),
isoclectric focusing with carrier ampholytes (Vesterberg
1975y or with immobilized gradients (Righetti ¢r /.
198%). Thus. electrophoretic separation of halobacterial
proteins under non-denaturing conditions 1s in most cases
not possible. The acidic nature of halobacterial proteins
can lead to additional difficulties. These proteins mu
possess as much as 20% molar excess of acidic amino
acids over basic amino acids (Reistad 1970: Bavley &
Morton 1978y Some acidic proteins behave anomaloush
during clectrophoresis in the presence of sodium dodecy!-
sulfate probably because of reduced binding of sodium
dodecylsulphate (SDS) (Dunker & Rueckert 196Y:
[zotova cral., 1983; Lechner & Sumper 1987). This results
in a reduction of expected mobility and leads to an
overestimation of molecular masses. Acidic proteins also
do not readily electrofocus (Stenman 1975; Radola 1973;
Green er af . 1986).

We are engaged in the investigation of halobacterial
membrane proteins. One such enzyme, the ATPase trom
Halobacterium saccharovorum, is strictly salt dependent
for 1ts activity and stability (Altekar er al.. 1984; Krist-
jansson & Hochstein [985). We obtained preliminary
results for the two major subunits of this enzvme
following SDS gel electrophoresis and isoelectric focus-
ing. which we reported earlier (Stan-Lotter & Hochsten
1989). The most obvious differences to nonhalophtlic
proteins were streaking in isoelectric focusing gels of the
O'Farrell type (1975) and the ncarly complete absence ot
silver stainabihty. We have also purified the nurate
reductase from the membranes of H. denitrificans. This
enzyme s active and stable in the absence of high
concentrations of salt (Hochstetn and Lang, manuscript
mn preparation)

In order to mvestigate suttable conditions for electro-
phoresis and isoelectric focusing of proteins from the
extremely  halophihic  archaebacteria, we  examined
vanous cell tractions, whole cell proteins and the two
purtficd enzsymes mentioned above. We show that an
acidic protem. soyv bean trypsin inhibitor, which, follow-
ing chermical modification, had lower 1soelectnic pornts
than most halobactenal proteins, is readily focused
Results with the halobacterial proteins following electro-
phoresis und soelectric focusing lead us to suggest that
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they may Tall into discrete Chissses We diseuss a possible
correlation of our observations with the salt dependence
of halobacterial proteins

Materials and methods

Chemicals

The following materials were supplied by the indicated
companies. Sigma - Chemical  Company: Tween 40,
Tween 80, soybean trypsin inhibitor, bovine serum
albumin. Pierce: Tween 20, Brij-35. BCA Protein Assay
Reagent.  Pharmacia-LKB:  Pharmalyte pH 2.5-5,
pH4.2-49 and pH 3-10. LKB Ampholine pH 3.5-5.
Serva: Servalyt pH4 5 and pH 3 10. Calbiochem:
Zwittergent, 3-( (3-cholamudopropyh-dimethylammontio-
I-propancsulfonate (CHAPS).  N.N-bis-(3-D-glucon-
amidopropyl)-cholamide (Big CHAP). BioRad: BioRad
Protein Assay Reagent. y-globulin, Silver Stain Kit,
isoelectric focusing (FEF)-standards. urea. Triton X-100.
SDS. Roche Diagnostics: Fluorescanune (Fluram). East-
man Kodak Co.: Sodium deoxycholate.

Preparation of cell fractions from Halobacterium
saccharovorum

The membrane traction of Halobacterium saccharovorum
(ATCC 29252) was prepared by disrupting cells in a
trench pressure cell and sedimenung the membranes by
centrifugation as described by Krnistiansson and Hoch-
stein (1985} The resuling supernatant was used as the
source of the eytoplasnue fraction These fractions were
stored at 22°Can the dark. Whale cells were lysed by
incubating them at 22°C m dewonized water at a concen-
tration of S0 mg (wet weight) per ml. After ~ 2 h, the
viscostty of the lysed cell suspension was considerably
reduced and the lvsed material was immediately stored at
- 20°C.

Purification ot halobacterial enzvimes and subunits

The halobacterial ATPase was prepared trom the mem-
brane fracton of H. saccharovorwm following solubili/-
“ation with Zwittergent and sodrum deoxycholate (Hoch-
stetn ef af 19870 Stan-Lotter & Hochstemn 1989) The
major subunits of the ATPase (I and 1) were elect-
rocluted following SDS gel electrophoress as described
previously (Stan-Lotter & Hochstein 1989). The dis-
similatory nitrate reductase from the membranes of
Hualobacterion dentirificans (Tomlinson e al.. 19%6) was
purificd following solubilization m the absence of
detergents using anton exchange. hydroxvlapatite and gel
filtration chromatography (Hochstem and Lang. manus-
cript in preparation).

Polvacrviamide gel clectrophoresis

One-dumensional slab SDS gel clectrophoresis was per-
formed accordimg to Laemmli ¢1970). Isoclectric focusimg
was performed moa vertical slab gel apparatus (Stan-
Lotter & Bragge 19%6a) with the tollowing modifications
the gels were 0.5 mim thick and the voltage was set o
1000 V. The TEE pel system used was the one described by
OFarrell (1975) and modificd. where mdicated. by re-
placing Triton X-100 with various detergents or using

different ol ampholvies [N
dimensional vei cicctiophoresis wis pertormed either my
O'Farrelt's method (19735) using gel strips instead of tube
gels for the 1EF step or by carrying out SDS el
clectropharesis my the first dimension and [EF i the
second dimension (Stan-Lotter & Bragg 1986a4). The pH
gradient of IEF gels was determined after completion of
the run by eluting T em’ gel slices with 1 ml of deacrated
water for | h and measuring the pH of the solution. Gels
were stained with Coomassie Blue (Fairbanks eral . 1971)
or siver (BioRad silver stain kit). Periodic-acid, Schilt
reagent (PAS) (Fairbanks er af., 1971) was used to detect
glycoproteins. Permanent records of the stained gels were
made with Electrophoresis duplicating paper (Kodak) or
photographed using Polaroid film 57 and an orange filter.
Enitially, contact prints were made using wet gels as
recommended by the manulacturer. We find it preferable
to first dry the gels on a cellophane membrane.

oo aations

Other methods

Proteins were labelled with fluorescamine as described
earlier (Stan-Lotter & Hochstein 1989). Modification of
proteins with succinic anhydride was carried out by the
procedure of Hollecker and Creighton (1980). Protein
concentrations were determined by the methods of Brad-
ford (1976). Snuth ¢r «f. (1985). or Lowry et al (1951)
Bovine serum albumin or y-globulin were used as stan-
dards.

Results

SDS gel clectrophoresis of hatobacterial whole coll
proteins

Figure | shows an electrophoretogram obtatned from
early stationary phase cells of H. saccharovorum. The cells
were lysed in water and the proteins in the lysate were
treated with SDS sample buffer (Laemmbh 1970). A wide
range of molecular species were present and appeared to
be almost uniformiy distributed between M s of 15 x 10
and 200 x 10" Lanes 1 and 2 (Figure 1) were stained with
Coomassie Blue. Lanes 3 and 4 are the same gels which.
following staining with Coomassie Blue, were incubated
i 25% isopropanol-10% e acetic acid. to remove the dye.
and subsequently stuned with silver. Silver staining did
not reveal the presence of additional peptides or enhance
the detectability of those proteins which had stained with
Coomassie Blue On the contrary. several proteins, which
reacted intensely with Coomassie Blue, stained weakly
with silver (indicated by arrows). Several diffuse and
slowly mugrating bands as well as some which were
retained i the stacking gel stained more strongly with
silver. Some appeared (o be glycoproteins since they also
stained with PAS reagent (not shown).

TEF of membrane und cvtoplasmic fractions

Virtually all ot the membrane proteins from # s
charovorum clustered at the anodic end indrcating isoelec-
tric pomnts below 45 (bigure 20 lane 1), Most ot the
cytoplasmic proteins also mugrated towards the anodic
end: however afew hands with isoelectric points up to 87
were visible thigure 2 lanes 2. 3). When soelectrie
focusing was carned out within a narrower pH gradient
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Figure 1 SDS polvacnlimide cel cleciiophaoresis o tatal eell

proteins trom H saccharovorunr Cells trom Hosaccharovorunt were
hvsed as described in Methods Aco Lamede concentration was (17,
T.26%,C Gels were stamed with Coomuassie Blue (lanes 1, 2) and
with silver (lanes 3.4) Molecular mass markers are indicated on the
rnght Arrows point to same proters which stained well with
Coomassie. but only weakhy with wilver Tunes 13 37 g proten,
lanes 2.4 1K 7 yg protein

{35 to S0 most of the protems equihibrated between
approximately pH 4.0and 4 6 (Froure 2. lanes 4. 5). When
ssoelectric focusing was carried out either in the absence
of urca or in the presence of 28 urea, the proteins
precipitated in the sample wells This was true for
membrane and soluble halobacterial protemns as well as
the isolated halobacterial membriane enzymes described
below (gels not shown). Proteins from non-halobacterial
sources (IEF standardsy were successtully tocused n these
gels (not shown),

Iwo-dimensional gel electrophoress of halobacterial
whole cell proteins

Frgure 3 shows a two-dimensional gel of the total cell
protemns from H. saccharovarm The first dimension wis
astip froman [IEE slab gel cupper part of Frgure 3). The
two-dimensional gel showed numerous well-resolved
spots over the whole runge of molecular masses Very
httle nuicroheterogeneity of protems, as revealed by spot
trains, was apparent. However severad proteins exhibited
hortzontal streakimg. most notably i the acidic region of
the gel In addition, some of the hagher molecular mass
protemns tended to streak This pattern was reproducible
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Figure 2 [soclectric tocusing of halobacterial proteins in wide and

narrow pH o eradients Samples were prepared from Mo

charovorum (lanes 1o Syund H dentrrifrcans (fane 6) s descrnibed
Methods and aie as Membriane fraction (Junes 1, 4
cvtoplasmuc protems (lanes 20 30 5), purtfied nitrate reductase
(lane 6) The TEE gels contamed & M urea. 4% acrylanude, 2%,
Triton X-100and 2% Pharmalytes pH 3 10 (lanes | to Yyor pH 2 <
o 5 (lanes 3 1o 64 tespectively. The approamate pH gradicnts are
indicated. Gels were stamed with Coomassie Blue. Protein concen-
ST, lane 20 20 pp, lune 3 26 ue. lane 4

follows

I ane |
e fane 604 Spy

trations were
20 pg. Lane S

5.0 4.8 4.6 4.4 42 4.0
Wl
205K y !
IBK :
974K . .- P SRS,
66K . —— T
- . .
45K Y. - -~
- ¢ . -
. -4
29K R i
-
Figure 3 Tuo dimonsionsd clectiophoresis of total cell protein

from H vaccharos o The approamate pH gradient established i
the first dimension s shown on the top, together with an TEEF strp
contamming ~ Y& py ot total cell protein Molecular mass standards
are indicated alongsde the second dimension SDS pel 152 gy o
protemn were apphed Gels were stamed with Coomuassie Blue

whether equilibration times for the LEF dimension in SDS
sample bufler (Lacmmli 1970) were as short as 10 min ot
up to 40 nun The blurred spot i the upper left corner ot
the SDS dimension stamed also with the PAS reagent (not
shown) and most hkely represented the cell surface
glycoprotemn, which may be simtlar to the one from
Halobacteraon halobiunt (Lechner & Sumper 1987)

LEF of isolated balobhac toviad menthrane enzymes and the
subunints

“Lr Nurare redicctase The mitrate reductase from the
membranes ot /1 denirrificans was analyzed on a standard



(K U TS b iy e o

[EE gl isee Methods) followimye dissocration with 4ad
urca and 2% Trton X-T00 (Bpure 20 lane 63 The main
component was o proteint with an apparent isoclectric
potnt of 4.65 which mugrated as a double band This
protemn represented a subunmit of @ Mool 120 2 107 as
could be deduced from a two-dimensional gel with a
similar [EF strip as the first dimenston (gel not shown).
Other subunits of the nitrate reductase were more acidic
and had smaller moiccular masses. All subunits of the
nitrate reductase stained well with silver. in contrast to
other protemns from halobactena (see Figure 1),

(2) Adenosine triphosphatase: The membrane-bound
ATPase from [{. saccharovorum contains two major
subunits of M, of §7 x 10" and 60 x 10°, subunits [ and 11,
respectively (Hochstein er o/, 1987: Stan-1.otter & Hoch-
stein 1989). A two-dimensional system with SDS PAGE
as the first and TEF as the second dimension has been
described which yields sharply tocused bands of various
native and chemically modified eubacterial proteins
(Stan-Lotter & Bragg 1986 a d). The same system was
not effectve with cther subunits I and 1l of the
halobacternial ATPase (Figure 4). Both polypeptides
migrated into the acidic region of the IEF gel, but did not
focus, even when 30 000 Volthours (instead of the usual
9000) were applied. Similar patterns were obtained with
LEE gels contaming different concentrations ot Triton
X-100 (from | to 4%). or carrier ampholytes from
different commercial suppliers. Degradation during elec-
trophoresis was ruled out as a cause of streaking since
excised TEF gel strips containing the ATPase subunits
showed single bands when run man SDS gel (not shown)
One-dimensional THE 0 Troton-contamimg gels of
subumts T and H. which were fargely freed of SDS by
clectroelution, gave essentially similar patterns as those
shown n Figure 4.

Acidic proteins can be difficult to electrofocus due to
lack of suitable carrier ampholytes capable of establishing
pH gradients i the required range and to prolonged
focusing times (see Stenman 1975; Green ¢f «f. 1986 and

references  theremn). We examined an  acidic non-
halobacterial protein. sovbean trypsin inhibitor, which
was chemicalls moditied to imcorporate up to 22 adds-

tonal negative charges. The moditving reagents were
succtnic anhydnde or 4-phenyispiro(furan-2(3H). 1'-
phthalan-3 3-dione (Huorescamine) Both react with
anmuno groups and mmpart two negative charges per
modified group mto a protem. Figure 5 shows an 1EE gel
of soybean trypsin mibitor. which was sequentialty
modtfied with mcreasing concentrations of  succinic
anhydride  (panel ) or  fluorescamine  (panel b)),
Modificatton of the protem by succinic anhydnde
resulted in the appearance of new bands with additional
negative charges, A total of 11 such bands were visible, as
seen in the mixture of a1l moditied species (panel a. lane R)
which corresponded to the 10 e-aminogroups of lysyl
restdues and one amino-termimal group of the trypsin
inhtbitor (Kotde er ol . 1972). The approximate ssoetectric
point of the fully modified species was 3.8, which was
lower than that of most halobacterial protemns (see
Frgures 20 3) Since this very aadic protemm could be
locused into sharp bands. the acidic nature ol a protem.
per seo1s not the kel cause of streaking i [EE gels,
Interestinghy. fuorescanime-moditied trypsin ihibitor
vielded shghtly more diffuse bands following HHF (panel
b. lanes 4 and 5) than the sucaimmie anhydnde modified
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Figure 4 lIsoclectnic focusing of the two major subumits ot the
ATPase from # saccharovorum n the presence of Fniton X100
Subunits were separated tirst by SDS PAGE and cxcised trom the
unstained gels. Following equilibration in ¥ M urca. 4% Triton
X-100, 1% Pharmalyte pH 2.5 5, the protein contaiming gel shices
were apphied on a vertical isoclectric focusing gel consisting of 8 v
urca. 2% Triton X-100, 3% acrvtanude and 2% Pharmalvie pHo 2 s
to 5 Gels were starned with Coomassie Blue: The approxamuate pH
gradient s imdicated Lane | subunit (L ~ 0 pg, Lane 2 subunit |
~ 12pug

a
P2 3 a4 5 6 7 8
4.8 —
as—p e i <
4.2 — ‘
3.9 - T . e
b
3 4 5
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Figure 5 Conversion ot anuno groups of sovbean try pyin inhibitos
into acidic groups by chenucal moditication Increasing amounts ot
succrnie anhvdnde (panel a) or Quorescamine (panel by were added
to sovbean tryvpsin inhibitor. The resulting species with mcreased
negatine charges weresepanated onan TEE pel contarmmg S s aiey
2% Pharmalste pH 2 S to 50 3% aenvlanude, 2% Tween 40 Giols
were stamed wath Coomassie Blue Tanes 10a and b show the
origmal unmoeditied protemn. the mam component with an approv-
mate soclectne pomt of 3.5 s indwcated by the arrows In pancl a
Line X0 mixture of all madiied species, including the untreated
protem (arrow ) was apphed The ratios of sucamice anhydide to
proteim i whwere U1 020,094 1 742 29 uand 294 tespediineh
ta. lanes 210 T the ratios of luorescamine to protem were o ki
0016 0083 and 0 To6, respectively th, lanes 2 to 5) Protein conten

swas g per Line

protem Ttappeared that the chemical composition ot the
moditied protem imfluenced 1tis behavior during electio-
focusing

The effect of detergents on clectrofocusing ot the
halobacterial ATPase subunits was studied by replacing



Iriton X-100 with o vanciy of nontonie or 2Avatierionte
detergents When CHAPS o BigCHAP were  used.,
subunit [ focused well at an noclectrie point of about 4.1
whereas subumt Il sull streaked (not shown). Sharp
focusing ot hoth subumits was observed only with the
Iween series (Tween 200 300 80) ol detergents. We
employed Tween 40 atadinal concentration of 2% as had
been briefly reported carher (Stan-Lotter & Hochslein
1989). Protein-protein interactions can result in streaking
during IEF. Our results suggest that if such interactions
take place between halobactertal ATPase subunits, not all
detergents are eflective counteragents.

Streaking of both ATPuase subunits even in the Tween
40-containing IEF gels was observed, when higher pro-
tein loads were used. A possible, if unusual, explanation
for this phenomenon would be an interaction between
ampholytes and proteins. In order to test this possibility,
IEF was performed in gels. which contained decreasing
amounts of ampholytes, but same amounts of proteins.
As shown in Figure 6. there was a correlation between
streaking and ampholyte concentration. Both ATPase
subunits showed streaking at ampholyle concentrations
of 2% (Figure 6, lanes | and 3). Subunit I focused sharply
in gels containing 0.7% ampholyte (Figure 6, lane 2)
whereas subunit [T still exhibited streaking (Figure 6, lane
4). Subunit II focused sharply in IEF gels containing
0.35% ampholyte (Figure 6. lane 3).

Discussion

Fhe bulk protans from halobacteria possess a large
excess of acidic over basic amino aaids (Rewstad 1970) as
do most of the ribosomal proteins (Matheson 1985
Kimura & Kimura 1987: Kimura e af.. 1989) and other
halobacterial proteins which have so far been analysed
(Mevarech er «f.. 1977 Danson er al.. 1986; Lechner &
Sumper, 1987 Stan-Lotter & Hochstein 1989). Thus, the
observed low isoelectric points ot the bulk membrane and
soluble proteins (Figures 2. 3) correlated with the known
amino acid compositions of halobacterial proteins. A
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Figure 6 [soclectne Yocusing of the two mugor subunits of the
ATPase trom #1 saccharovorum at diflereat concentrations of
impholbyvie Tsoelectric focusimg wais performed following SDS gel
clectrophoresis as deseribed i the fegend o brpure 4 exeept that
Tween 4 was used istead of Triton X 0 The 1F} el contained
different concentrations ot Pharmalyic pHE TS 100 5 Gels were
stained with Coomassie Blae Tanes 12 subumt 1o tines Vo S,
subunit It Ampholste concentrations Lines 14 290 anes 2. 4,
0% lane S, 0 352, Protein per lane 12w N pe Vo SOX Spp
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number of hadobacteral protems from whole cell extrac:

as well as the two major subunits of the membrane
ATPase trom /1 saccharovorun either stamed weakly or
did not stain with stilver. This was not correlated with the
origin o the ciuzvime. since the nitrate reductase, which i
a membrane-bownd enzyme, stamned very well with silver
(not shown). There might be a correlation with the low
content of cysteiy | lysyl and methionyl residues (Stan-
Lotter & Hochstein 1989) which are the amino acids
implicated in silver grain nucleation (Merril & Pratt
1986).

Streaking during isoelectric focusing is essentially a
technical problem which has been associated with
insufticient focusing time, unsuitable carrier ampholytes,
and formation of precipitates due to protein-protein
interactions (for an extensive discussion of the latter
phenomenon see Hyelmeland and Chrambach 1981). We
were able to exclude the tirst two causes in the case of the
halobacterial ATPase subunits since increasing focusing
times did not ehnunate the problem, and the gel system we
used resulted in good separation of very acidic proteins
(Figure 5). Morcover, streaking was not observed with
the subunits from the halobacterial nitrate reductase. The
standard [EF gel according to the formulation of O Far-
rell (1975) with a tinal detergent concentration of 2% has
been widely used for complex protein mixtures from
different sources and proved suitable for elinmatng
precipitates due to protein-protein interactions. Thus, the
persistent aggregations of the halobacterial ATPase
subunits and some whole cell proteins under these
conditions were pussling, particularly in view of the high
content of hyvdrophilic and the marked deficieney of
hydrophobic amimo acids i halobacterial proteins (Lany,
1974) and thair relatively high solubility (e.g. about
0.12mgm! " in 7.5mM ammonium bicarbonate for
purified ATPuase subunit [l; Stan-Lotter. unpublished
observation). lsoclectric focusing of the halobacterial
ATPase subunits suggested interactions between protein
and ampholytes as a further phenomenon which leads to
streaking. Although carrier ampholytes were reported to
interact with acidic substances such as heparin (Righett
& Granazza 1978). reactions with proteins to the point of
precipitation are unusual Indeed, carrier ampholytes are
often added m immobilized pH gradients to promote
protein solubtlization (Rimpilainen & Righetti 1985:
Righetti er o/ . 1988). However, protein-ampholyte
interaction cannot be 4 commeon property of the protetns
from extremely halophilic bacteria since the mitrate
reductase. as well as numerous other proteins from a
halobacteriat celt extract. focused in a standard TEF gel

Our data suggest the possibility that halobacterial
proteins may full mto two classes. One resembles the
proteins from non-halophilic organisms with respect to
stainability with wilver and isoclectrice focusing in Triton
X-100 contaming pels. The other class, which either fails
to stain or only weakly stains with silver, reacts with
ampholytes to lorm o precipitate during TEF which can
be dispersed by several detergents, but not Triton X-100
There may be subtler ditferences within members of this
class. as mdicated by the ready focusing of ATPuse
subunit I but not ot subunit L an 1EF gels contaiming
various detergents Sice halobacterial proteins are acidic
and can reasonably be assumed 1o be similar with respect
to therr overdll o aad composition (Bayley &
Morton 1978). ather features, perhaps structural, may
account for the obsersved differences. The possibility of as
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vet umdentined substroncsres s haloplulic protems hoed
been suggested recenty 1o explam their unusual proper-
ties (Eisenberg & Wachtet [987)

The proposed differentiation of halobacterial proteins
correlates with the salt dependence of the two hadobac-
terial membrane enzymes which we analyzed. Thus, the
nitrate reductase, which is active and stable in the absence
of high concentrations of salt (Hochstein and Lang,
manuscript in preparation) would fall into the class
resembling the non-halophihe proteins. whereas the
ATPase 1s representative of those proteins which require
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